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(54) DN A chip, PN A chip, and their preparation methods 

(57) A DNA chip (or PNA chip) composed of a solid 
ca r er and plural DNA fragments (or PNA fragments) 
fixed onto the solid carrier at each one end, wherein a 
plurality of short chain spacer molecules having a 
hydrophilic moiety at each one end are fixec at each 
another end onto a surface of the solid earner having no 
DNA fragments (or no PNA fragments) on its surface Is 
effective for high sensitive quantitative analysis of a 
nucleic acid fragment complementary to the DNA frag- 
ment (or PNA fragment). 
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Description 

A ,ra 9™ent or a PNA fragment 

f0002] Detection of a nucleic acirtf 

'abe, or a radioisotope^ an Then th'' 3 nUC ' e, ' C **' T °* 9 "** ^ ° 

the labelled nucleic acid f^gmenUn thJ SamP ' 6 ' S brou 9 ht * m^Sftt ° nCe ' abe " ed with ■ ""orescent 
foment is combined with Z^mJT** " qUid is c °m P lementar V Tl T ^ ° NA of tne DIMA chip | 

« I^-cleicacidfmgml^ 

detect.cn is required. For instance ^ 7* leSS than 1 0 " 19 molVdot In certain m ' ,at '° n ° n the Motion 

level, a procedure for analv*™ Pr ° Cedure for monitoring of gene exn«.«? 90 im P r °ved high sensitive 

sensitivity in the - a priedure^S S^***™ °' a ow 

10004] Detection of nuc eic acST^ add y2 ' n9 ^ P ol ^^Phism, require higher 

» sional Publication No 9-28 I h 9 ™" 1 Usin 9 an electrochemical i.h.i ■ . 

electrochemical iZ^N^T^ " S ™ A "*S^ Pate " Provi- 

probe DNA is fixed onto an ell? T U0Cm,mide este ^ of ferrocenecaS7 J 6nCe PP " 13? - 138 (1996)) The 
"quid containing the havin 9 a " SESSj SedT^ * 3 Pr ° be D ™ X 

at.ve labe, in the presence oZ ^^T' « M ° contac ' * C ^ Pr0CedUre - a sam P'e 

complementary to the probe u!i S active thre ad intercalate" Th* t ? aVmg the ferroce ne deriv- 
ica»y active thread ^S^^SS'T ** *** D ^ '^^tSd"^ if « is 

measure an electric current flowing mroul h t H T hereafter - a Potential is applied T tK f ^ the elec trochenv 
10005] on the above- m eZe d r. 0606 derivative ,ab el and 1 ^conductive substrate to 
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[0008] Since PNA is electrically neutral and is not charged in the absence of an electrolytic salt, PNA is able to 
hybridize with a complementary nucleic acid fragment to form a hybrid which is more stable than hybrid given by a DNA 
prove and its complementary nucleic acid fragment (Preprint of the 74th Spring Conference of Japan Chemical Society, 
pp. 1287, reported by Naomi Sugimoto). 

[0009] Japanese Patent Provisional Publication No.1 1-332595 describes a PNA probe fixed on a solid carrier at its 
one end and a detection method utilizing the PNA probe. The* PNA probe is fixed onto the solid carrier by the avidin- 
biotin method. 

[0010] The aforementioned PE. Nielsen et aL, Science, 254, 1497-1500(1991) also describes a PNA probe 
labelled with isotope element and a detection method of a complementary nucleic acid fragment. 
[0011] Since the PNA probe shows no electric repulsion to a target nucleic acid fragment in a sample liquid, an 
improved high detection sensitivity is expected. 

SUMMARY OF THE INVFNTION 

[0012] It is an object of the present invention to provide a nucleic acid fragment-detecting means showing an 
improved high sensitivity for a nucleic acid fragment contained in a sample liquid. 

[0013] Specifically, it is an object of the invention to provide a DNA chip and a PNA chip which are employable for 

quantitatively detecting a nucleic acid fragment contained in a sample liquid in an extremely small amount. 

[001 4] It ia another object of the invention to provide a method for quantitatively detecting, with a high sensitivity and 

good reproducibility, a nucleic acid fragment contained in a sample liquid in an extremely small amount. 

[0015] The present invention resides in a DNA chip comprising a solid carrier and a plurality of DNA fragments fixed 

onto the solid carrier at each one end, wherein a plurality of short chain spacer Molecules having a hydrophilic moiety 

at each one end are fixed at each another end onto a surface area of the solid carrier having no DNA fragments thereon. 

[0016] The invention further resides in a PNA chip comprising a solid carrier and a plurality of PNA fragments fixed 

onto the solid carrier at each one end, wherein a plurality of short chain spacer molecules having a hydrophilic moiety 

at each one end are fixed at each another end onto a surface area of the solid carrier having no PNA fragments thereon. 

[0017] The DNA chip (or PNA chip) of the invention is favorably prepared by a process comprising the steps of: 

applying onto a solid carrier an aqueous solution of a plurality of DNA fragments (or PNA fragments) dissolved or 
dispersed in an aqueous medium to fix the DNA fragments (or PNA fragments) onto the solid carrier; and 
applying onto the solid carrier having thereon the fixed DNA fragments (or PNA fragments) an aqueous solution of 
short chain spacer molecules having at each one end a hydrophilic moiety and at each another end a moietv reac- 
tive to fix to the solid carrier. 

[0018] In the DNA chip and PNA chip of the invention, the solid carrier preferably is an electro-conductive substrate 
[0019] The DNA chip (or PNA chip) of the invention is favorably employed in a method of quantitative analysis of a 
nucleic acid fragment contained in a sample liquid which is complementary to the DNA fragments (or PNA fragments) 
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of the DNA chip (or PNA chip), which comprises the steps of: 
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the DNA chip (o, PNA chip); ' .•*"*««> the nuctac acO Mh the DMA togmen, (o, PNA fragment) "n 

■ f-^« - " "» — <» 

fragment (or PNA fragment); cnemically active molecule to the hybridized nucleic acid and DNA 

applying a potential to the DNA chip (or PNA chip)- and 
[0020] Accordingly, the DNA chip (or PNA chiD^ of the in 

ducting quantitative analysis of a nucleic acfd ftS^JT ♦ °" * P rBterab V SUpp,ied in the f °™ of a kit for con 
DNA fragments (or PNA fragments) of »e DN A ZTo ?££T* ? Samf> ' e WhiCh iS ^P'—ntery o the 
having an e.ectroconductive substrate anZ TeloZZ a 7^ "T ° NA Chip ( ° r PNA <*W 

nucle,c acid fragment and DNA fragment. ectroc ^m IC ally active molecule which is attachable to a hybridized 

DMA fragments (or PNA fragments) are preferab,y fixed 

molecule is preferably derived from a Jnpo^S^^I^^ " nd ° f fte SpaCSr mo,ecule - T ^ -P^oer 
toethanol, 6-mercaptoethanol, and N^s^,^^^^^ 1 ^ of 2-mercaptoethanol, 3-mercap- 
cychc group in the molecular structure. * P^'^^-thione. The spacer molecule may contain a 

BRIEF DESCRIPTION of DRAWING 

[0023] 

DETAILED DESCRIP TION! Q F THF imx/em -t^, 

Sincele iSSSj t^lT t " ™ ** » referring to Pig 1 

the structure and preparation of the DNA chip * ^ f ° l,OWin 9 descri P tio " * mainly addressed to 

« ^llect^ employed DNA chip 31 which comprises a solid carrier 

[0026] Fig. 1 - (2 ) schematica,, ii'SSSST ? ""•J 0 * ^ ^ ^ * 6ach 
solution containing a plurality of spacer compound 0^11°" f by brin9in 9 an - W 

pared with the chain structure of the previously fixed KraameZ 4,. 8 Sh0rt Chai " Structure - as <=om- 

so that the plural spacer compounds 41a are attached to mITSE C ° n,M With the chip 31 of Fig. 1-(1) 

not fixed. The fixed spacer compounds (name^ac ZecSe7Z ^Tr™ the DNA '«s LI 
free terminal ends. • y> p cer molec u | es) 41 b have a hydrophilic group 42 on each of their 



[Solid Carrier] 
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ductive substrate and the support material preferably have a less hydrophilic surface or a hydrophobic surface. The 
electroconductive substrate may have a plain surface or a surface having many fine concaves and convexes. 
[0029] The electro-insulative support material can be prepared from glass, ceramics, polymer materials (e.g., pol- 
yethylene terephthalate, cellulose acetate, polycarbonate of Bisphenol A, polystyrene, poly(methyl methacrylate), sili- 
5 con, active carbon, and porous materials (e.g., porous glass, porous ceramics, porous silicon, porous active carbon, 
cloth, knitted cloth, non-woven cloth, filter paper, and membrane filter). Polymer materials, glass, and silicon are prefer- 
ably employed. 

[0030] Generally, the electro-insulative support material is employed in the form of a sheet (or a film). The sheet of 
the support material preferably has a thickness in the range of 100 to 1 ,000 um 

io [0031] The electroconductive substrate can be made of electrode material, optical fiber, photodiode, thermistor, 
piezo electrical element, or surface elasticity element The electrode material is generally employed. The electrode can 
be carbon electrode of graphite or glassy carbon, noble metal electrode of platinum, gold, palladium, or rhodium, metal 
oxide electrode of titanium dioxide, tin oxide, manganese oxide, or lead oxide, semiconductor electrode of Si, Ge, ZnO, 
or Cds, or electron conductor of titanium. Preferred are glassy carbon electrode and gold electrode. The electrode may 

75 be covered with electroconductive polymer film or monomolecular film. 

[0032] The DNA chip of the invention is preferably composed of a hydrophobic, electro-insulative support material, 
. a plurality of hydrophobic electroconductive substrates placed on the support material, a plurality of DNA fragments 
fixed on each of the electroconductive substrates, and a plurality of spacer molecules fixed on the substrates at free 
areas (i.e., areas where no DNA fragments are present). Each of the electroconductive substrates is preferably 

20 arranged apart from the adjoining electroconductive substrates so that each substrate is insulated from the adjoining 
substrates. The electroconductive substrate nay be placed on the support material via an intermediate layer such as a 
hydrophilic intermediate layer which may have electron charges. 

[0033] An example of the structure composed of an electro-insulative support material and a plurality of electrodes 
arranged on the support material is a silicon chip described in Sosnowski, R.G., et al., Proc. Natl. Acad. USA, 94, 1 11 9- 
25 1 123(1 997). The electrode may be produced on a polymer film using a composite sheet of a polymer film and a metal 
film. 

[DNA fragment] 



30 [0034] DNA fragment to be fixed onto the solid carrier may be polynucleotide such as cDNA, a portion of cDNA, or 
EST The polynucleotide is favorably employed for studying gene expression. Otherwise, DNA fragment to be fixed onto 
the solid carrier nay be oligonucleotide, which is favorably employed for studying variations and polymorphism of gene 
The DNA fragment to be fixed onto the solid carrier preferably is one of 3 to 50 mers, more preferably 1 0 to 25 mers. 
[0035] If the DNA chip of the invention comprises plural DNA chip units each of which has an electroconductive 

35 substrate (e.g., electrode) and DNA fragments fixed onto the substrate, the plural DNA chip units can have the same 
DNA fragments or different DNA fragments. 

[0036] Fixation of DNA fragments onto the substrate can be done by any of known methods For instance, DNA frag- 
ments having a reactive group on one end can be fixed onto the substrate through covalent bond by the reaction of the 
reactive group and the functional group of the surface of the substrate. For instance, a mercapto group is attached to 
DNA fragment at its 5'- or 3'-terminal, and the mercapto group is then caused to react with a gold electrode, so that an 
electroconductive substrate having DNA fragments fixed thereon is produced. The procedure for attaching a mercapto 
group to DNA fragments is described in M. Maeda, et al., Chem. Lett., 1 805-1 808(i 994) and B. A. Connolly Nucleic 
Acids Res., 13, 4484(1985). 

[0037] If the electroconductive substrate is made of glassy carbon electrode, the glassy carbon electrode is oxi- 
dized by potassium permanganate to produce a carboxylic acid group on the electrode. The carboxylic acid group on 
the electrode forms an amide bonding with DNA fragment so that the DNA fragment is fixed onto the substrate. See 
K.M. Millan, et al., Analytical Chemistry, 65, 231 7-2323(1 993). 

[0038] DNA fragments can be fixed to the substrate, initially, in the form of hybrid DNA fragments. For instance, the 
hybrid DNA fragments are combined with a mercapto group at their 5'- or 3'-terminals (preferably 5'-terminals) of their 
so single fragment, and are brought into contact with a gold electrode, so that the hybrid DNA fragments are fixed on the 
electrode. The hybrid DNA fragment fixed on the electrode is then processed to dissociate a single fragment having no 
mercapto group, so that the desired DNA chip is produced. 

[0039] The covalent bond between the DNA fragment and the substrate can be formed using an amino group, an 
aldehyde group, a mercapto group, or a biotin molecule which is attached to the DNA fragment. If the substrate is made 
55 of glass sheet or silicon sheet, its surface is preferably treated with a silane coupling agent, prior to the formation of cov- 
alent bond. 

[0040] Otherwise, DNA fragments can be synthesized on the substrate by a known method. 

[0041] The DNA fragment having a reactive group on one end can be fixed onto a solid carrier such as an eleCtrO- 
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generally is in the range of 1 to 1 00 nL, preferabj U To 7 T^Z P f mM - The V0,ume for the jotting 
additive such as sucrose, polyethylene *Jo?,J£S ThI SXZ£ ^"V 1 "* COntain a increasing 
c.a.ly available spotter. The spotted solution is the ke t on* iSESZl , ""J* manUa " y " Um ™ S a commef 
hours (namely, incubation), whereby the DNA fragmen is fixeJZl Z Z P ' eaete ™ ned temperature for several 

™ p r D f ;;r ,ra9ment (which is « ~2 ^^sss^tr* After the incuba - 

ance liquid chromatography) or other analytica^paralS ' ^"^ by mea " S ° f HPLC ^ 



[PNA fragment] 

[0043] The PNA fragment preferably employable in the 

( I ) 



invention has the following formula (I): 
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- [0044J '-"e fo rmu,,the W ^ 

and through the 1st position in the else that the oase ^ZZTl ^ T " 9Uanine or inosin *. 

base analogue is an organic base which Kmi^^^T? ^ 33 thymin6 ' ^ °"*"'ne. The 
a base group which is prepared by reDlacfna rTlrh^ ° r,9 ' n ,tS chemical structure . for instance 

nrtrogen or carbon atom respective yTXe ' ZTZ^ ^ " fte m ' me ° r P * rimidine rin 9 with a 
such as a sulfhydry. group or a ^^^^"S^^ 1 ^ ? PVrimidine rh « With a subst *-" 
base, an alkanoy. group having , to 4 carbon mTXL^Z? ^ ° Mn9 " 0 " UCleic acid 

analogues include 7-deazaadenine 6-azauracH aTd 9 £1 °' 3 hydr ° 9en at0m ' Exam P ,es of th e base 

Hgand. a protein label such as hapten oTblo'n a StSTS?S ^ b " 3 ° NA interCa,at0r > a re P°*er 
acid bases (i.e., A, T, C, G, and U) P ' °' * rad,oactlve la ^'- Particularly preferred are nucleic 

9-t^n^ 

group having an alky, group of T to 6 cafcl a£™ 1 h 9r ° UP haVi " 9 6 t0 20 Carbon at °™. aralkyl 

group, an alkoxy glphaving ,0 6 oa*on atoms a 6 t0 20 cart >°" atoms, a hydroxy", 

NR 13 R 14 [each of Ri3 and R , 9 4 i ndepend * ^-^h' ^ 9r ° UP haVin9 1 l ° 6 Carbon at °™. * 9™p of - 

alkoxy group having 1 to 3 carbonttom TmJmMo ^* ^ " ^ ^ 1 to 3 carbon *«£ an 
amerc^ 

Each of a. b and c independently is a" ? "T" T"' "* 

integer of 1 to 40. a 1 P rererab| y 1 . and d is an integer of 1 to 60, preferably an 
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meaning as described above for the formula (I): 

(I I) 
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15 

[0046] The PNA fragment can be fixed onto a solid carrier in a known manner (see Protein, Nucleic Acid, Enzyme, 
Vol.43, No.13, 2004-2011(1988) and Japanese Patent Provisional Publication 9-288080. Also employable are proce- 
dures similar to the aforementioned DNA fragment-fixing procedures. 

20 [Short Chain Spacer Molecules] 



[0047] The DNA chip of the invention has a plurality of short chain spacer molecules having a hydrophilic moiety at 
each one end which are fixed at each another end onto a surface area of the solid carrier having no DNA fragments 
thereon, as schematically illustrated in the attached Fig. 1-(2). The coverage of the solid carrier using the spacer mol- 
25 ecules can be expressed in terms of "masking treatment". 

[0048] The short chain of the spacer molecule means that the molecular length of the spacer molecule is suffi- 
ciently short, as compared with the length of the DNA fragment fixed onto the carrier in their vicinity. 
[0049] The spacer molecule preferably has a main skeleton composed of an alkylene group having 1 to 6 carbon 
atoms. The spacer molecule may have a cyclic group in the molecular chain or as a substituent. Examples of the cyclic 
30 groups include an aryl group having 6 to 12 carbon atoms, a cycloalkyl group having 3 to 6 carbon atoms, and a hete- 
rocyclic group containing 1 to 4 hetero atoms (e.g., N, S, O, or P) and 2 to 20 carbon atoms. The cyclic group can con- 
tain the reactive group which can be reacted with the carrier surface to fix the spacer atoms to the carrier. One example 
is a imidazole-2-thione group. 

[0050] The hydrophilic moiety can be attached to the spacer molecule in the terminal position or in the vicinity of 
the terminal position. One or more hydrophilic moieties may be attached to the spacer molecule. Examples of the 
hydrophilic moieties include hydroxyl, carboxyl, amido, phosphoryl, and sulfonyl. Preferred is hydroxyl. 
[0051] The other end of the spacer molecule is fixed onto a surface area of the carrier where the DNA fragment is 
not attached. The fixation of the spacer molecule Is preferably performed utilizing a reactive group which is attached to 
the spacer molecule at the other end. Examples of the reactive groups include mercapto, sulfide, disulfide, thiocarbonyl, 
and thiocarboxyl. Preferred are mercapto, thiocarbonyl, and sulfide. Most preferred is mercapto. It is also preferred that 
the solid carrier has a reactive group, on its surface, such as amino, imino, hydrazine hydrazide, amide, carboxyl, alde- 
hyde, epoxy, or peroxy. 

[0052] Examples of the reactive compounds serving as the spacer molecules include mercaptomethanol, 2-mer- 
captoethanol, 3-mercaptopropanol, 4-mercaptobutanol, 5-mercaptopentanol, 6-mercaptohexanol, N,N'-di(3-hydroxy-n- 
propyl)imidazole-2-thione, and various imidazole-2-thione derivatives described in A.J. Arduengo, et al., J. Am. Chem. 
Soc., 1990, 112, 6153-6154. Preferred are 2-mercaptoethanol, 3-mercaptopropanol, 4-mercaptobutanol, 5-mercapto- 
pentanol, and 6-mercaptohexanol. Most preferred is 2-mercaptoethanol. These active compounds may be in the form 
of their salts with sodium or potassium. The alkylene chain of the active compound can be substituted with one or more 
substituents such as a hydrocarbyl group having 1 to 6 carbon atoms (e.g., methyl, ethyl, or phenyl). 
so [0053] Onto the solid carrier, two or more different spacer molecules can be provided. 

[Hybridization] 

[0054] The hybridization can be performed essentially in the same manner as that employed in various assay pro- 
55 cedures utilizing the conventional DNA chip. 

[0055] When the electrochemical analysis is performed, an electrochemical ly active molecule, specifically, an elec- 
trochemical^ active thread intercalator, is preferably employed for insertion into a hybrid formed by the DNA fragment 
and a sample nucleic acid fragment on the electroconductive substrate. The thread intercalator assists easy flowing of 
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ously formed hybrid structure. In the I ttercase aT Lltfn ^ be br ° U9ht int ° contact wi * * previ- 

fragment is preferably removed from the subs Xte S^SS^ST 7**? ^ With the ,ixed DNA 

su^ate) and a buffer (preferabty a citrate buffer) n advTnc^^ 

£5* oPto 2 Th r otr " ' S Pre,erab ' y at 3 tem — e ^tween room tempera^ 'and approximate, 
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[Sample Nucleic Acid Fragment] 
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[Electrochemically Active Thread Intercalates] 



5S1 - the electrochemical analysis of 

an electroconductive group at one end or both end The mread I intJ™ t '"^calator ,s a thread intercalator having 
ably has an oxidative-reductive activity The oxioative reduSK T" 9 e,ectroc °^uctive group prefer 

incorporating into the intercalator a ferrocene Sp a SSTjES* ^ ^ t0 the thread inte ^°r by 

phenathroline complex group, or a viologen grouo ? he « 7 " me,a ' biPyri ° ine COmplex ^up, a metal 

moiety, an anthracene moiety, or an aSqS i none moieTpS, 7Tt T""* C ° mpriSeS 3 na P"t"aleneimide 
ferrocene-containing naphthalene dS^Si?SF^^j; , ^ M ^ BBBw thread interca,at °<" is a 
J5J~*-. - a corresponding amine co^ Tti^TolTZ £££ ^ 



(NDIFez-1) 




55 imp-oyed: A ^"^^"a diimide derivative having the fo.lowing formu.a is a.so preferab. 
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group of the formula is an example of the linker moiety Z Xe^Z ^ 1 ^^W^ 

group. An intercalator of the be.ow-i.lustrated fomJ , whTch hLToulrZ - * ^ ™ quaternar V 

of pH condition. This means that the intercalator is fit fixeSto fhe DHA >Z T°f° UP ^ iS Cati0nic re ^ess 
rably employed in the invention. Particularly, the in Sa to r tav 1 . ^ ^ PNA hybrid ' Acc °^ingly, it is favo- 
combination with the PNA chip. The linker can bTTESES llT^V™ 0 *"* * Preferr6d in the — 
n-propyl). The oxidative-reductive potential of the ferrocene moiZnf t h V C3rb ° n at ° mS (e g - meth ^ °r 
of the linker moiety. * Terrocene of the intercalator varies depending upon the nature 
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[High Sensitive Quantitative Analysis of Sample Nucleic Acid Fragment] 



sis of samp,e 9 nuc, ( eic aS fragment ^ S gt^^ °< *• -nsitive quantitative analy- 

chip (or PNA chip) 51 of the invention having the ^cvZLts ^T h «™**>«. Fig. 1 - (2) illustrates a qna 
the fragments 21. The spacer group 41b ha hyZ^ 

to the other end at which the spacer is fixed to Sesu^te * 9r0UP) 42 ° n ° ne end Which fe 

SZlJSZ " *** iS to the 

the DNA fragment 21 to give a hybrid doubte ^SJ^^S 2 , T ? ^'f add fra9ment 61 with 
formed in the presence of an electrochemically ac«v S e ? d nte Ltator ^ * 1 " (3) - ' f the h V bridi ^«<>n is per- 

g.ve an electroconductive portion 81b, as il JrSTn ^CSESlS " ^ ^ StmCtUre 71 t0 
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described below In more detail. 

[0065] In the first step, an aqueous solution of a sample nucleic acid fragment is prepared. The sample nucleic acid 
fragment is dissolved or dispersed in an aqueous medium. The aqueous solution of sample nucleic acid fragment is 
then brought into contact with the DNA chip. The contact can be performed by spotting the aqueous solution on the 
5 DNA chip or by immersing the DNA chip in the aqueous solution. The former spotting procedure is preferred. The sam- 
ple nucleic acid fragment is preferably contained in the spotted aqueous solution in a molar amount of approximately 1 
to 1 0 4 per one mole of the DNA fragment fixed onto the carrier. 

[0066] In the DNA chip of the invention, the DNA fragments are fixed onto the solid carrier preferably in an amount 
of 1 0" 20 to 1 0" 12 mol./mm 2 . In the preferred range, the spacer molecules are well fixed on the solid carrier at free spaces 
10 between the fixed DNA fragments, whereby the DNA fragments are well aligned vertically on the carrier and the free 
spaces are covered with the spacer molecules having a hydrophilic group on the top. The hydrophilic groups on the free 
spaces are also effective to keep the sample nucleic acid fragment and the thread intercatator from their non-specific 
adsorption on the solid carrier. 

[0067] According tcthe experimental study made by the present inventors, the masked DNA chip (namely, the DNA 
15 chip having the spacer molecules fixed between the DNA fragments fixed on a solid carrier) of the invention can be 
employed for extremely high sensitive quantitative determination of a sample nucleic acid fragment such as a molar 
amount of 10* 20 to 10" 16 mol., preferably 10" 20 to 10" 18 mole., per 1 mm 2 of the solid carrier. If a smaller solid carrier 
such as an extremely small electroconductive substrate is employed, increased high sensitive quantitative determina- 
tion of a sample nucleic acid fragment such as a molar amount of up to 10" 21 mole., per 1 mm 2 of the carrier may be 
20 accomplished. 

[0068] The DNA chip having on its surface the spotted aqueous solution of a sample nucleic acid fragment is then 
allowed for stand for a certain period for performing incubation. In the incubation procedure, the thread intercalator is 
apt to be adsorbed non-specifically by free DNA fragments of the DNA chip which have not participated in the hybridi- 
zation with the sample nucleic acid fragment. Such unfavorable non-specific adsorption of the intercalator by the free 
25 DNA fragments can be obviated by adjusting a salt concentration of the aqueous solution of the sample nucleic acid 
fragment 0.1 M or more, preferably 0.1 to 1.0 M. 

[0069] It is not advantageous that the DNA chip having been subjected to hybridization is washed to remove free 
thread intercalators. This is because that, in the washing procedure, the thread intercalators fixed to the hybrid structure 
may be liberated. 

30 [0070] The fixation of the electrochemically active thread intercalator to the hybrid structure can be analyzed by 
measuring an electric current flowing from or to the solid carrier (i.e., electroconductive substrate) along the hybrid 
structure having the electrochemically active thread intercalator. The measurement of electric current can be performed 
by any of known methods such as cyclic voltamography (CV), differential pulse voltamography (DPD) and potentiostat. 
The differential pulse voltamography is most preferred. 

35 [0071] The present invention is further described by the following examples. 

Example 1 

(1) Preparation of DNA chip 

40 

[0072] A gold electrode (surface area: 1 mm 2 ) was immersed in an aqueous 2N sodium hydroxide solution for one 
hour, washed with water, and immersed in cone, nitric acid. The nitric acid was stirred for 15 min. The gold electrode 
was then washed with super pure water and dried. On thus treated gold electrode was spotted 1 \iL of an aqueous solu- 
tion containing 20 mers of adenine having a mercaptohexyl group at its 5'-terminal (HS-dA 20 , in an amount of 10~ 14 
45 mol./jaL), and the electrode was allowed to stand for 2 hours. The electrode was washed with super pure water to give 
a DNA chip. The preparation of HS-dA 2 o w ^s made in the manner described in Japanese Patent Provisional Publication 
No. 9-288080. 

(2) Fixation of spacer molecules 

50 

[0073] Onto the DNA chip prepared in (1) above was spotted 1 u.L of an aqueous 2-mercaptoethanol solution (1 
mM). The spotted solution was covered and allowed to stand for 2 hours. The DNA chip was then washed with super 
pure water, to give the DNA chip of the invention having spacer molecules on its electrode. 

55 (3) Synthesis of ferrocene-containing thread intercalator 

[0074] The below-illustrated ferrocene -containing naphthalene diimide was synthesized in the manner described in 
Japanese Patent Provisional Publication No. 9-288080: 
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(4) Detection of sample nucleic acid fragment 
25 [0075] 



30 



35 



40 



45 



[0076] onto the DNA chip prepared in (2) above was spotted i J Publication. 

ch,p was allowed to stand at 25°C for 30 min for incubatton - aqU6 ° US S0 ' Uti ° n ° f «""*> and the ™A 

(prepared in (3) above)] was placed in a thermostat ^ZKnSJ^ 1 ^ 6 *^^ diimide' 
placed tr,-electrodes composed of the DNA chip (workino Tl^tS , 6 aQUe0US electro 'y«c solution were 

silver/si.ver chloride referential electrode lan ^ZlS^^' P "T ( ° Pposite electrode ). and a 

peak current at 460 mV was determined from DPV S VOltamo 9 ra P h y (DPV) was performed. Subsequently, a 

[0079] The peak currents are graphteatylst atTd "n pT^ZTr " ^ ^ ^ ^ ° btained DPV data 
[0080] The above-mentioned defection^ ^ 

nucle.c acid fragment solution containing no Lmp"emen3 Z ?11 , W P ^ ^ aqueous sample 
trated in Fig. 2 by the line connecting the blank squ JreT 2 ° 9 6 Peak CUrr6ntS are 9 ra P^ally illu S - 

that an aqueous sample nucleic acid fragment solutions 11? ° Chip of the inven «°"- This means 

mol. per 1 mm* of the electrode surface quantitatively analyzed at least in the range of 1 0 *> to 10™ 



Example 9 

(1) Preparation of PNA chip 
50 [0082] 



55 



tion containing 1 .2-b e (viny.s Ul f^ L ^ ZT^ *?* Sp °" ed a phos P ha * buffersolu- 

that surface was further spotted 1 nL o ' an aoueou^ ^ 1 f th V , ,n ^ 0 ^ 9™P °" the electrode surface. On 
50 nM so.ution). The spotted so.ution 1 o stndTone ho ^T^T ^-thymln. fragment (PNA-T 10 . 

washed with distilled pure water to remove a w t I " 31 ™? tem P eratura - The electrode was then 

made in the manner described in P E Nielsen et al Z 1 * 9 ^ ? ™ A ° hip The P re P ara «°" of PNA-T 10 was 

1 14, 9677-9678(1 992) ^ J ° Uma ' °* AmenCal Chemical S °™*, 1 14, 1 895-1897(1 992 ibid 
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15 

(2) Fixation of spacer molecules 

[0083] Onto trie PNA chip prepared in (1) above was spotted 1 of an aqueous 2-mercaptoethanol solution (1 
mM). The spotted solution was covered and allowed to stand for 2 hours. The PNA chip was then washed with super 
20 pure water, to give the PNA chip of the invention having spacer molecules on its electrode. 

(3) Detection of sample nucleic acid fragment 

[0084] The detection procedures of Example 1-(4) were repeated except for replacing the DNA chip with the PNA 
25 chip produced in (2) above. 

[0085] Almost the same detection results as those observed in Example 1-(4) were obtained. 

Claims 



30 1 . A DNA chip comprising a solid carrier and a plurality of DNA fragments fixed onto the solid carrier at each one end, 
wherein a plurality of short chain spacer molecules having a hydrophilic moiety at each one end are fixed at each 
another end onto a surface area of the solid carrier having no DNA fragments thereon. 

2. The DNA chip of claim 1 , wherein the solid carrier is an electro-conductive substrate. 

35 

3. The DNA chip of claim 1, wherein the DNA fragments are fixed onto the solid carrier in an amount of 10' 20 to 10 12 
mol./mm 2 . 



4. The DNA chip of claim 1 , wherein the hydrophilic moiety of the spacer molecule is a hydroxyl group. 

40 

5. The DNA chip of claim 1 , wherein the spacer molecule is fixed onto the solid carrier through a mercapto moiety 
attached to the end of the spacer molecule. 

6. The DNA chip of claim 1 , wherein the spacer molecule is derived from a compound selected from the group con- 
45 sisting of 2-mercaptoethanol, 3-mercaptoethanol, 6-mercaptoethanol, and N.N'-dKS-hydroxy-n-propyO-imidazole- 

2-thione. 



7. A process for preparing a DNA chip of claim 1 which comprises the steps of: 

applying onto a solid carrier an aqueous solution of a plurality of DNA fragments dissolved or dispersed in an 
aqueous medium to fix the DNA fragments onto the solid carrier; and 

applying onto the solid carrier having thereon the fixed DNA fragments an aqueous solution of short chain 
spacer molecules having at each one end a hydrophilic moiety and at each another end a moiety reactive to 
fix to the solid carrier. 

8. A method of quantitative analysis of a nucleic acid fragment contained in a sample liquid which is complementary 
to the DNA fragments of the DNA chip of claim 2, which comprises the steps of: 
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surface of the elec, ro< o„dac,i,e substrate ot me on! chip ° *" "" 9mem pe ' 1 "™* « «» 

•^rSr-^^^ -» « « DMA fnagmeat, 

applying a potential to lh« ONA chip and mwlK «« *> »• hybrnfced nucletc acid and DMA togmenf 

Z^SSSST "° m " " «— a™* the anecd.d aiacp. 

•«°»V.c.v.mo,ee„,e.,h fc h,s^^ 

"'^^^'Po'o.aa.^.^ip^^^^^.^^^^ . 

? ™,W' P - '°' — - ~« *»— « -ad da,d tb, McM ., „ ,„ , mou „, „ , o 20 M w 
- ,3. The PNA chip a, Calm ,0, wherein tb. bydropb.e moi6W „ ^ ^ fe _ ^ ^ 

"apT SET" ' motote is tea M ° ' h ° s * a — 

16. A procesa for preparing a PNA chip of claim 10 which comprises the steps of: 

fix to the solid carrier. nyarophilic mo.ety and at each another end a moiety reactive to 

sortie of the .lectro-conddctiv. aebstrat. of tbe PNA chip " "°" per ' "™ 2 °> »» 

applying a potential to the PNA chip- and molecl "* 10 ,hs H*"*z«i nucletc acid and PNA fragment; 
- SSSt SSSST " » "» -"*«--« saba,r«. ,b™ g b ffie attached electro- 
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